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摘  要 
I 
 




光粉 Y3Al5O12: Ce3+组成的白光 LED 占领主流市场，其结构简单，利于批量商业
化生产。但它是日亚化学公司（Nichia Corporation）拥有的专利；且其 YAG 荧
光粉激发光谱范围（420 ~ 490 nm）较窄， 大波长只达 540 nm 左右，缺少红光
成分；存在局限性。 
因此，本研究致力于制备一些可被蓝光或近紫外光有效激发的新型荧光粉。
选择 Li2MSiO4 (M = Sr, Ca, Ba): Eu2+硅酸盐荧光粉为研究对象，且首次采用非均
相沉淀法对 Li2SrSiO4: Eu2+荧光粉进行制备和表征，并通过掺杂 Ce3+和 Tb3+稀土
离子来提高该 Li2SrSiO4: Eu2+荧光粉的发光性能。 
本研究分为以下三个部分，各部分均研究了荧光粉的晶体组成和发光性能：
第一部分是用高温固相法制备 Li2MSiO4 (M = Sr, Ca, Ba): Eu2+硅酸盐荧光粉，并
研究其发光特性；第二部分是用非均相沉淀法制备 Li2SrSiO4: Eu2+荧光粉，研究
此制备工艺参数对发光性能的影响；第三部分是研究以 Ce3+和 Tb3+作为敏化剂，
对 Li2SrSiO4: Eu2+荧光粉发光性能和能量传递过程的影响。所获结论如下： 
1、用高温固相法成功地制备出 Li2MSiO4 (M = Sr, Ca, Ba): Eu2+硅酸盐荧光
粉，并分别研究了 Eu2+离子浓度在各个 Li2MSiO4 (M = Sr, Ca, Ba): Eu2+硅酸盐荧
光粉中的 佳掺杂量，结果分别是名义组成 Li2Sr0.995SiO4: 0.005Eu2+ 、



















摘  要 
II 
 
状。在相同的保温反应时间 4 h 时，沉淀反应温度为 60 °C，沉淀剂过量 40 %，
Eu2+名义掺杂量为 0.005 mol 时，制备的样品发光强度 佳。 
3、用高温固相法制备了 Li2SrSiO4: Eu2+, N (N = Ce3+, Tb3+)荧光粉，通过荧
光光谱分析研究其发光特性以及激活剂 Eu2+与敏化剂 Tb3+或 Ce3+间的能量传递
方式。研究结果表明：当 Eu2+和 Tb3+、Ce3+共存于 Li2SrSiO4 基质中时，在 500 ~ 
650 nm 范围内，Tb3+和 Ce3+对 Eu2+具有很强的敏化作用，并通过电多极相互作
用将能量传递给 Eu2+，使得 Eu2+在主发射峰的发射强度显著增强。当名义组成
Li2Sr0.995SiO4: 0.005Eu2+时，测得 Tb3+的名义掺杂量为 0.010 mol、Ce3+的掺杂量



















White light-emitting diode (LED) has attracted more attention, as for general 
lighting applications, the luminous efficiency, colorimetric parameters and the price of 
LEDs are of great importance which depend on the used phosphors coated GaN: In 
chips. Currently, the blue GaN chip and yellow YAG phosphor Y3Al5O12: Ce3+ 
formed white LED occupy the mainstream market, and its simple structure is 
convenient for mass commercial production. But it is Japanese Nichia Corporation 
who owns the patent; it has limitations because the excitation spectra range (420 ~ 
490 nm) of YAG phosphor is narrow, the maximum wavelength is only about 540 nm 
and the lack of red component. 
In these present studies, attention has been paid to the synthesis of novel 
phosphors for white LED application via blue or near–UV LED. Therefore, Li2MSiO4 
(M = Sr, Ca, Ba): Eu2+ phosphors were selected as research objects. In this 
investigation, the heterogeneous precipitation method was employed for the first time, 
and then the luminescence properties of Li2SrSiO4: Eu2+ were enhanced by doping N 
(N = Ce3+, Tb3+). 
There are three parts in this investigation. The influence to the crystal and the 
luminescence character are studied. Firstly, Li2MSiO4 (M = Sr, Ca, Ba): Eu2+ 
phosphor has been prepared by high-temperature solid reaction method and their 
luminescence properties have been studied. Secondly, Li2Sr1-xSiO4: xEu2+ phosphor 
has been prepared by heterogeneous precipitation method. Thirdly, Eu2+ emission is 
possible to be sensitized by Tb3+ and Ce3+ in Li2SrSiO4 hosts. The luminescence 
characteristics and the energy transfer between Eu2+ and Tb3+ or Ce3+ were discussed 
by means of the spectrofluorometry. 
1. Li2MSiO4 (M = Sr, Ca, Ba): Eu2+ silicate phosphors has been prepared by 
high-temperature solid reaction and the best value of Eu2+–doping concentration in 
















and Li2Ca0.995SiO4: 0.005Eu2+, respectively. Results also obtained in this investigation 
showed that codoping Ca2+ and Ba2+ into Li2SrSiO4: Eu2+ enhanced the fluorescence 
intensity of as-synthesized phosphors. 
2. Li2SrSiO4: Eu2+ as a yellow phosphor first time prepared by heterogeneous 
precipitation. Effects of doping Eu2+ concentration, precipitation reaction temperature 
and the amount of the mixture of precipitant on photoluminescent (PL) intensity of 
the phosphor were investigated. The results indicated that high purity phosphor was 
obtained at 800 °C for 10 h, which was lower than that by solid-state reaction method. 
The phosphor particles without agglomeration had regular shapes. The PL intensity of 
the phosphor reached the most optimum when the precipitation reaction temperature 
was 60 °C together with the nominal concentration of Eu2+ doping was at 0.005 mol. 
3. The Li2SrSiO4: Eu2+, N (N = Ce3+, Tb3+) phosphors is prepared by solid-state 
reaction method. The luminescence characteristics and the energy transfer between 
Eu2+ and Ce3+ or Tb3+ were discussed by means of spectrofluorometry. The results 
indicated that in Li2SrSiO4 hosts the Eu2+ emission was mainly from 4f7–4f65d1 
transitions and possible to be sensitized by Ce3+ and Tb3+. The observed strong 
enhancement of the Eu2+ emission for introducing Ce3+ and Tb3+ content is attributed 
to the energy transfer effects from Ce3+ and Tb3+ to Eu2+ through the electric 
multipolar interaction. Compared with Eu2+ doping Li2SrSiO4, the luminescence 
intensity of Eu2+, Tb3+ co-doping phosphor was significantly improved. The 
maximum emission intensity of Tb3+ concentration is 0.010 mol, and then Ce3+ 
concentration is 0.008 mol in nominal composition of Li2Sr0.995SiO4: 0.005Eu2+. 
 
























































































在 x 射线、γ射线、α粒子或 β粒子等高能粒子激发下，发光物质所产生的发光；
生物发光是在生物体内，由于生命过程的变化，其相应的生化反应释放的能量激
 
图 1. 1 发光机理－自发发光[6] 
Fig. 1. 1 Spontaneous luminescence[6] 
 
图 1. 2 发光机理－受迫发光[6] 
Fig. 1. 2 Forced luminescence[6] 
 
图 1. 3 发光机理－基质吸收引起的激发发光过程[6] 
（以上 A：基态，G：激发态，M：亚稳态，D1：浅陷阱能级，D2：深能级） 
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